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Several pathways have been proposed for the biosynthesis of IAA from tryptophan in higher plants and in bacteria (1, 21) . Unfortunately, a majority of the evidence for the positioning of the intermediates is indirect, being based primarily on experiments in which small amounts of metabolites were analyzed chromatographically following incubation of tissues in solutions of various indolic compounds. Differing conditions of precursor concentration, incubation time, and bacterial contamination. as well as choice of plant material, have precluded any general agreement on the pathway(s) involved. In order to circumvent the problem of nonspecific conversions which might occur when precursors are exogenously supplied, we sought first to establish the natural occurrence of the intermediates, and secondly to isolate enzymes specific for the proposed reactions.
Work in this laboratory directed toward determining the presence of indolic compounds in cucumber seedlings has, over the last 4 years, resulted in the positive identification only of lEt' (14) . This compound also appears to be found in sun- Califori iia, Sanita Barbara, Californiiia 93106
flower (11, 16) , pea (11) , zucchini squash (16) , and tomato seedlings (17) . Two In experiments designed to determine the pH optimum of the reaction, an enzyme solution was dialyzed overnight against 1,000 volumes of 50 mm NaCl. Aliquots of the enzyme solution (0.2 ml) were mixed with 1.2 ml of an 0.1 M solution of the appropriate buffer. The reaction was initiated by the addition of 0.6 ml of substrate. The pH was measured at 5 min and aliquots of the reaction mixture were treated with perchloric acid reagent at 10, 20, and 30 min to determine an initial rate. All reactions were carried out at room temperature (22 C) .
Assay with Labeled Substrate. 4C-IEt was prepared as previously described (15 ers, and a considerable spread of activity was observed. The results of one experiment designed to assay the stability of the enzyme to heating are shown in Figure 4 . The relative heat stability of the enzyme was used as a further purification step. The yields of the various steps used in the isolation are summarized in Table I . One preparation of the enzyme was also subjected to chromatography on Sephadex G-150, and this step yielded an additional purification of about 2-fold. The molecular weight estimated for IEt oxidase based on its elution volume on Sephadex G-150 is approximately 105,000 (Fig. 5) .
Identification of Product. Since IAAld gives a positive Salkowski test in the presence of lEt, reactions were stopped, and the product was measured by the addition of Salkowski reagent directly to the reaction mixture after various times of incubation. Similar results were observed using either the sulfuric acid reagent (19) or the perchloric acid reagent (2), but the latter method was used for increased sensitivity. The visible absorption spectrum obtained by adding the perchloric acid reagent to the reaction mixture is compared to that of a 1: 1 mixture of IEt and IAAld and to that of IAA similarly treated with Salkowski reagent in Figure 6 . The curves appear quite similar except that the IEt-IAAld mixture and the reaction mixture both have a characteristic shoulder around 450 nm. Figure 3 . At neutral pH, the enzyme bound strongly to cation exchang- Confirmation of IAAld as the product of the reaction was obtained from tracer studies. "4C-IEt was incubated with enzyme for 90 min. NaHSO. was added to the reaction mixture to trap "4C-IAAld, and the remaining "4C-IEt was extracted with ether. The "C-IAAld-bisulfite was exposed to basic pH, and the free IAAld was extracted. An additional ether extraction at acidic pH was made. The total amount of radioactivity appearing in each fraction is shown in Table II . Aliquots of each of the fractions showing significant radioactivity were chromatographed in two solvent systems. Traces of the strip scans are shown in Figure 7 . All of the radioactivity extracted into the neutral fraction I after incubation with boiled enzyme chromatographs as lEt (Fig. 7, A and A' ). The neutral fraction I obtained from the reaction mixture appears to contain some IAAld (Fig. 7, B and B' ), but the majority of the label not associated with JEt is extracted into fraction II, which should contain basics as well as aldehydes liberated from bisulfite (Table II and Fig. 7 , C and C'). Some 14C-IAAld appears to have been extracted into the neutral fraction, but complete separation of '4C-IAAld from "4C-IEt and IAA is achieved between the two solvent systems. Characterization of the Reaction. A time course for the reaction catalyzed by lEt oxidase at 2 different enzyme concentrations is illustrated in Figure 8 . The rate in the absence of oxygen was also tested in these reactions. Substrate and buffer (2.7 ml) were bubbled gently with either air or nitrogen, and 0.3 ml of an enzyme solution bubbled with nitrogen was added. A slow rate of bubbling was maintained throughout the reaction. Oxygen appears to be an absolute requirement (Fig. 8) . The effect of pH on the rate of the reaction was measured (5, 7) . In addition to the time saving offered, the new method is twice as sensitive as methods based on conversion of IAAld to IAA. The specificity of the color test is currently being investigated. We are also testing the usefulness of this mixture technique for the location and identification of JEt and IAAld on chromatograms. When a chromatogram containing a spot of IAAld is sprayed with a solution of JEt and then with Salkowski reagent, a bright pink spot develops against a yellow background. The application of this method to the 5-hydroxy indoles is also under investigation.
Using this technique, we have succeeded in demonstrating an enzyme in cucumber seedling extracts which catalyzes the oxidation of JEt to IAAld. Several differences exist between this enzyme preparation and the enzyme(s) extracted from mung bean seedlings by Wightman and Cohen (20). The enzyme obtained from mung bean would catalyze the oxidation of ethanol, while cucumber JEt oxidase appears to be specific for JEt. This may be due to the presence of more than one oxidoreductase in the mung bean preparation, however, since the cucumber enzyme following gradient chromatography has a specific activity over 1,000 times greater than that of the mung bean enzyme. Moreover, the "alcohol dehydrogenase" described by Wightman and Cohen (20) was associated with an "aldehyde dehydrogenase" which catalyzed the oxidation of IAAld to IAA. No IAA could be detected in reaction mixtures containing IAAld and cucumber JEt oxidase. The cofactor requirement for the mung bean enzyme which catalyzed the conversion of JEt to IAAld (and of ethanol to acetaldehyde) was not reported, but the reverse reaction from IAAld to JEt appeared to depend upon added NADH. An enzyme from oat seedlings also appears to require NADH for the conversion of IAAld to lEt (12) . lEt oxidase for cucumber, however, is not reversible and shows no specific cofactor requirement other than the presence of an electron acceptor. Aerobically, oxygen is reduced to H202 during the course of the reaction; the enzyme may be a flavoprotein similar to glycolic oxidase (22) . Attempts are underway to purify sufficient quantities of the enzyme to obtain absorption spectra of the oxidized and reduced (under anaerobic conditions) enzyme.
